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SCIENCE AND HUMAN UNDERSTANDING * 
By LANCE L. WHYTE 


HAVE always felt that the drama in fundamental physical discovery 
unique. We are each born into this world without even a hint in ad- 
ance of what it is like, and the human species as a whole also started 
¢ in ignorance. And it is physics above all other sciences which lessens 
1s ignorance and tells man about the setting of his life; because 
hysics alone is fundamental and universal and asks the ultimate 
ets of Nature. And Nature answers. No other drama can compare 
grandeur with this! 

But physics has also unequalled influence on human thought and 
ehaviour. One continuous thread runs from Newton’s discoveries to 
he industrial revolution, the age of quantity, and the atomic bomb. 
tNature had not answered “‘Yes,”’ and confirmed the methods used 
] Newton’s Principia, there would have been no nineteenth or twen- 
sth century as we have known them. It seems that no other factor 
‘1s influenced the development of society as profoundly as have phys- 
cal ideas. So I have two good reasons for seeking to convey to you 
1y personal views of the recent trend in physics: there is the intellec- 
ual interest of the theme, and there is its supreme social importance. 
have to accept a social responsibility, for it matters greatly that sci- 
nce should not be misunderstood. But there is much to be gained by 
preading knowledge of the trends in science, if this can be done with- 
ut betraying the facts. I believe it can. 


"Some Truer Method of Philosophy” 


Science is always to some extent in a state of transition, at least in 
ctive periods. But I cannot escape the conclusion, which I think is 
ridely shared, that the last twenty-five years, or perhaps the whole of 
nis century, represents a transitional period of major importance. It 
sems that physics is now passing from what may be called the New- 
ynian epoch into a fundamentally new phase. On May 8, 1686, Isaac 
lewton, sitting in his room in Trinity College, Cambridge, wrote the 
lowing words in the Preface to the first edition of the Principia: 
I wish we could derive the rest of the phenomena of Nature by the 


_* This article was originally presented by Professor Whyte on the Third Programme 
‘the British Broadcasting Corporation (reprinted by special permission from The 
istener, July 17, 1947, the magazine of the B.B.C.). 
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same kind of reasoning from mechanical principles,” and “‘I hope thes 
principles here laid down will afford some light either to this or somet 
truer method of philosophy.”’ Some truer method! | 

With the magnificent detachment always possessed by any reallyy 
first-order mind, Newton knew that one day his method might proves 
inadequate. I cannot imagine a more remarkable tribute to his geniuss 
than that today, after more than 250 years, physics is still ae 


dations to guide its search. There is the drama, and Newton’s own 
words provide the text. 

What were those “mechanical principles” on which Newton reliedi 
They were not, of course, due to Newton alone, but represented a body 
of physical thought deriving from the Greeks, from Kepler, Galileo; 
and countless others. Briefly, they centred on the concepts of mass, 03 
motion, and of force, which formed the basis of the mechanical view 04 
Nature. During the nineteenth century these conceptions became more 
precise in the atomic theory of matter, and by the end of the century 
physics had become the search for the fundamental material particles 
of which all matter was assumed to be composed. It is this atomic4 
mechanical view of Nature which is now being gravely challenged. 

It appears to me that there have been two main complementary} 
trends in fundamental physics since 1900, and particularly 1 in the lasw 
twenty-five years. On the one hand there is a growing indefiniteness ir! 
the old mechanical or particle view of Nature; and on the other hand ¢! 
new and increasing emphasis on form, pattern, symmetry, and thai 
transformation of patterns. I believe most of the important advances 
in physical theory in this period can be related to this double trend: 
The old mechanical particle was a permanent concentration of mattes 
at a point (or minute sphere). It possessed mass but was incapable od | 
undergoing intrinsic changes, and followed motions which could be 
exactly determined. From about 1870 to Ig10 many eminent physiif 
cists believed that this conception held the key to all the secrets oi 
Nature. But since then the particle has been growing steadily less defifi 
nite and its inadequacy in some respects is now generally agreed. | 

The new conception, which is tending to complement and may eves 
end by replacing the particle view, is one of patterns possessing som! i 
kind of symmetry, occupying a mneasanable region of space, and undenf 
going transformations whereby one pattern may disappear and ani 
other take its place. This conception has, of course, its own back 
ground. It may be regarded partly as a development of the field af 
wave theory of electromagnetism and light of the last century. 
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Let us trace this double trend in some examples of recent develop- 
ents in physical theory. First of all Einstein’s Relativity Theory, from 
§ to 1925. This prejudiced the particle view because it showed that 
€ movements of particles—and of all masses—are not set in a unique 
ace-time frame, but that what physicists really study is how one 
ves compared with its fellows; that is to say, only space-time rela- 
ns are observable. You see the emphasis is already shifting from the 
ividual material entities to their observable relationships. In other 
ards, the naive materialism of the mechanical view is giving way to 
e study of spatial relations. 
Then, in 1925, Heisenberg discovered the “Uncertainty Principle,” 
out which Professor Andrade spoke. Andrade explained that the 
vements of the individual ultimate particles cannot be followed 
ctly. There appears to be an indeterminacy in their behaviour, be- 
se Nature has not provided a way of measuring their motions 
ich does not disturb them. I say “appears” deliberately, because it 
y be the demand for a particle picture set in a quantitative frame 
at gives rise to this element of uncertainty. There may well be some 
her way of describing the facts which overcomes it. The uncertainty 
ay be due to the fact that we are wrongly still trying to think of 
ature in terms of the measurable properties of Newtonian particles. 
About the same time De Broglie and Schroedinger had shown that 
me atomic processes could be represented better as extended waves 
an as the movements of particles. Here again we see the need to 
ink in terms of extended patterns with characteristic rhythmic re- 
ionships, rather than in terms of localised material entities. 


The Search for Fundamental Particles 


But the new method was still far from mature, and the search for 
idamental particles continued. For a considerable period atoms had 
en thought to be absolutely simple, unchangeable and indestruct- 
e, and that there were different kinds of atoms for each of the chem- 
1 elements. This view collapsed with the discovery of radioactivity, 
d there was a brief period about 1900 when it seemed that in the 
ctron a fundamental particle had been discovered of which all atoms 
ght be composed. This was an exciting possibility, but the hope 
sved quite mistaken. For up-to-date physics has discovered—if that 
he right term—some six or even eight fundamental particles which 
-annot do without. These are the electron, the proton, the neutron, 
. meson, the positron, the photon, and so forth. I say physics cannot 
without these—that is, so long as it thinks in terms of particles. So 
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the particle picture is clearly growing very complex. It is even wor 
than that. These so-called particles, or some of them, are not real 
particles at all in the classical or proper sense of the term. They are na 
permanent and unchangeable. They undergo transformations, am 
some of them seem to be far from simple. What are they then? I sug 


as it were, of the design of Nature. 


A New Conception of Spatial Patterns 


But behind all this there lies a major possibility. It is that the: 
difficulties arise because the analytical method—which is the searc 
into smaller and smaller structures—has at last touched bottom. TE 
uncertainty principle has shown that the accuracy of space-tim 
measurement cannot be carried any further; it may well be, therefo 
that we have reached the limit to the fine-structure of Nature, or 4] 
least the limit attainable by present methods. We have perhag 
reached bottom, but with the wrong kind of anchor, as it were. Vo 
cannot grasp the pattern of the ultimate structure of things, becau 
we are using the wrong intellectual instruments, and instead of gettir 
a firm hold or a clear vision of the bottom, we stir up with our draggir! 
anchor a multiplicity of more or less spurious particles. 

If this guess is right, it means that physics is now a finite realm |} 
study, a closed subject, and it becomes all the more exciting and in 
portant to know what its laws really are. If we have touched bottor! 
the true form and laws of that basic structure must bear some relatic! 
to everything that happens in this world, not only to the whole : 
physics, but also to life and mind. Can we guess what that “‘tru: 
method of philosophy” is going to be like? 

I have already hinted at my view of the answer, but I should lik 
to expand it a bit. Parallel with the disintegration of the mechanic¢ 
particle picture, a new conception of spatial patterns and their tranr 
formations has steadily grown more definite. I am not suggesting th: 
Newtonian physics has simply been thrown overboard. Exact scien: 
never rejects what has been truly established, but merely discarel 
limitations which have proved unnecessary. All the actual phenomer 
which were held to justify the mechanical particle approach are st| 
the same, and much of the mathematics based on those phenomer! 
also remains as it was. What has happened is simply that these theori 
are now known to be less than the utterly complete explanation the 
were once thought to be. They have therefore to be re-interpreted | 
part of some more comprehensive approach. The answer may be thi 
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e must not think of patterns as if they were built out of particles, 
ut that what we have called particles may ultimately be better ex- 
lained as components of patterns. 

For there is no doubt about the patterns. An immense body of 

owledge has been collected about them. During the last twenty-five 
ears, by using many new techniques, we have collected a lot of facts 
bout the exact structural patterns of individual atoms, of chemical 

olecules, of crystals, fibres and so on; and now finally the ultimate 
ssault is being made on the pattern of living protein. I said just now 
n “immense body of knowledge’”’; yet it is not true knowledge until 
has been co-ordinated under simple laws; and these general laws of 

e development and transformation of patterns are still unknown! 

And it is not only in physics that this new emphasis on pattern and 
ransformation has appeared. The same tendency is evident in biolo- 

; for example in the growing embryo the development of pattern is 
inmistakable. The same applies in the field of psychology. It is already 
early thirty years now since the school of Gestalt psychology was 
ounded which relies mainly on the principle that, in visual perception 
nd in the processes of thought, the determining factor is normally 
ome regular pattern or configuration, some characteristic arrange- 
nent which makes a whole, rather than isolated elements bearing no 
elation to one another. You can see there is an obvious parallel here 
vith the trend in physics. 

Of course, it is always risky to make generalisations about trends 
rhile they are still in progress. But I have now watched this tendency 
oth in physics and in the other sciences for twenty years, and I be- 
eve it provides the correct interpretation of the present transitional 
eriod in scientific thought generally. If so, we are passing from the 
Jewtonian mechanical-atomic period into what may be called a Neo- 
ristotelian period with the emphasis on the development and trans- 
ormation of patterns. But to link it with Aristotle may be misleading; 
or his conception of the development of form bears little relation to 
he problems of modern exact science, which is concerned with precise 
ausal description of specific facts and cannot rest satisfied with any 
ague teleology. Incidentally, it is an astounding fact that fifty years 
go Ernst Mach spoke of the possibility of a kind of Aristotelian phys- 
§ concerned with tendencies, and now once more such ideas are in 
1e air. 

It may be that this trend pervades many sciences today because the 
ientific mind, partly unconsciously, feels a need to recover balance, 
ot by paying less attention to the causal analysis of detailed facts, 
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but by paying more attention to certain aspects of phenomena which 
have been neglected till now, like pattern tendency, and transforma 
tion. In any case, what matters is that the movement of science 14 
cumulative, and the cause of the recent trend is of little concern, fo 
as long as it is supported by the facts our knowledge of Nature is being 
steadily extended. ! 

So far it is only a trend; the crucial problem is still unsolved. We 
have not yet discovered the relation of measurement, number anj 
quantity on the one hand to some unknown law governing the develo} : 
ment and transformation of patterns on the other. This is certainly) 
difficult problem; because all measurement rests on the conception o 
some unchanging permanence, either of a scale or a clock, while tran 
formation involves process or change. Thus the task before physics is 
to discover a new principle which can unite permanence and change: 
and I think you will agree that that cannot be easy. Some physicists 
might say that it cannot be done, that a physical science of tendenc 
and transformation is impossible because such ideas challenge the very 
basis of exact science. I see it rather differently. The Newtonian kin 
of causality has already been challenged, and the task of science is now 
to move on to discover some new kind of causality, not to weaken but 
to strengthen scientific thought by providing broader and more reli4 
able foundations. 

Newton foresaw that this search for new foundations might one dayy 
be necessary, but the situation of science today is in many respects! 
entirely different from that in his time. Now the need is for a new 
foundation, not merely as a basis for further physical research, but tov 
co-ordinate existing knowledge, to throw light on the relationships of 
the different sciences, and so bring on a new understanding. Now it isi 
a question not of a new basis for physics, but of a foundation for thet 
whole of thought. 


The Need for a Unified Science 


Here we reach what I believe is the most important issue of all.! 
Physics has set the standard for exact science and has made possible, 
a progressively rising standard of life. That is not to be belittled or; 
rejected, however grave the simultaneous indirect influence of physics 
has been on social behaviour and the mechanisation of peace and war.) 
But we have reached a point where I see no hope for mankind unless 
science, by broadening its foundations, can become truly humane. By 
that I do not mean a vaguely well-intentioned scientific community, 
but a science providing a real understanding of life, and therefore also 
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an. In other words, a humane science would show man the right 
y to think in order to understand Nature and life, including himself. 
t that cannot be done unless exact science can provide the clue. 
is does not mean that physicists must have human and social ques- 
ns in mind when considering their own special problems. The issue 
uite clear. It is this: can exact science provide the basis for a single 
prehensive system of thought covering the organic as well as the 
rganic world, and therefore relevant also to man himself? Not of 
irse a dogmatic or arbitrary system of thought, but a truly compre- 
sive science. The need is so great that everything must be done to 
smote the development of such a unified science, and to help people 
nerally to understand this new science as it develops. 
I have suggested that there is a trend in recent physics which may 
d in the desired direction. Physics has unequalled power for good 
d evil, as we know only too well. It may be that physics is going to 
ovide the clue to a deeper understanding than man has yet achieved, 
‘revealing the right way to think about all kinds of processes. That 
yelieve to be the case, and I have outlined how it may come about. 
€ are now, it seems, experiencing the exhaustion of the Newtonian 
guage of permanence, and we are struggling to create and learn a 
w language of process. And the new language will not be clear until 
act science has spoken the authoritative word. 


LIGHT: WAVES OR PARTICLES ?* 
By N. F. MOTT, F.R.S. 


NANT to tell you about one of the oldest controversies in physics. 
lis is the question of the nature of light: does it consist of waves or 
es it consist of particles? This is a problem which has been of the 
satest importance in science. It has engaged the attention of some 
the world’s foremost scientists such as Newton, Huygens, Thomas 
yung and Einstein, and it has only recently been cleared up in a way 
at seems really satisfactory. 

On the whole, we scientists are quite practical people, and we want 
know what light is so that we can use it. We want to make tele- 
ypes, and microscropes and cameras, and photographic films, and if 
are to design these things, we have to know how light behaves. So 
shall be telling you about an extremely practical part of science; 


* Originally broadcast on the Third Programme of the British Broadcasting Cor- 
ation and reprinted by special permission from The Listener, September 18, 1947. 
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without it, such things as telescopes and photography could har 
have been invented. But there is more to it than that. Light, the lig 
which comes down to us from the sun, has always been a challenge t 
our imagination. And philosophers and scientists have always wot 
dered what its nature might be, and have tried to find out. | 

The first thing to realise is that some kind of energy must comet 
us from the sun. The sun’s rays can dazzle our eyes, sunburn our ski 
darken photographic films, and warm anything they fall on. So i 


thing must be thrown out from the surface of the sun, travel the nit) 
ty-two million miles to the earth, and must do all these things to 
when it gets here. What can this something be? The simplest view 
that lots of little particles of some kind are shot out by the sun, so th 
we ought to describe light as being a stream of particles. This was i 
fact the opinion of Newton, the great scientist who lived in the seve 
teenth century. It obviously has a lot to recommend it. You can pe 
haps imagine that the warmth you feel sitting in the sunlight is due @ 
a hail of very small particles on your skin, something like an invisib: 
hailstorm. But the scientific fact which the hypothesis explains is th 
existence of shadows. We can see that light travels in straight lines a 
that anything that gets in the way casts a sharp shadow and all th’ 
is quite simply explained if we believe that light consists of a show 
of particles. If this were the case, the shady patch under a tree wou 
have just the same explanation as the dry bit of ground under a tr 
in a rain shower. Both would be sheltered because the light particle 
or raindrops in the other case, cannot get there. They are stopped bl 
the leaves of the tree. 
Mainly because of its simple and elegant explanation of shadows 
Newton’s particle hypothesis was generally thought to be right fd 
more than a hundred years after his death, in fact throughout tk 
whole of the eighteenth century. Huygens had proposed the wav’ 
theory, but that was generally forgotten. But at the beginning of th 
nineteenth century a number of facts were discovered which the pa’ 
ticle hypothesis could not explain. Newton’s theory was then replace 
by the assumption that light consists of waves. This theory of the na 
ture of the light is not quite so easy to understand as the partick 
theory. This is because the only kind of wave motion that most of uj 
have really seen, is waves on the surface of water. We have seen thi 
at the seaside or on a pond after throwing a pebble in; and the wave! 
which are supposed to exist wherever light is are not quite of this na) 
ture. Whereas waves at the seaside are confined to the surface of thi 
sea—it is quite calm some way underneath the sea, as any submarir 
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ew will tell you—light waves must be thought of as spreading out in 

directions, up and down as well as sideways. In this respect they 
e much more like sound waves. When you hear sound, that is to say 

en you hear a noise, for instance, a voice coming to you through the 
udspeaker, no particles of any kind, travel from the loudspeaker to 
ur ears. What happens is that the diaphragm of the loudspeaker 
brates and sets the air in the room vibrating, or moving rapidly 
ickwards and forwards, and it is this vibrating air acting on your ear 
at gives you the sensation of hearing. In the same way, according 
the wave theory of light, something is moving rapidly backwards 
d forwards wherever there is any light. What that something really 
we do not know, and perhaps we never shall. We have given it a 
ame, however; it has been called the ether. The evidence that light 
onsists of waves is now very good indeed. This evidence is really all 
f the same kind, and it depends on the phenomenon that we call in- 
srference. This phenomenon, interference, occurs whenever there are 
wo sources of wave motion close together. If you have two sources of 
articles, the result will always be that there are more particles every- 
here than if you have only one source. For instance, if you water a 
atch of your garden with two watering cans, you will be sure to get 
lore drops of water on it than you would with one. It is obvious of 
yurse. But it is not necessarily true that two sources of wave motion 
roduce everywhere more effect than one. For instance, every musi- 
an knows that two tuning forks slightly out of tune with each other 
roduce beats: in other words, at regular intervals the sound disap- 
ears. This is because two waves can either reinforce each other or de- 
roy each other. This is what we call interference—the capacity of 
vO waves to destroy each other. 

Another example of interference is the fading of a radio programme, 
hen the wave which comes direct from the broadcasting station can 
s partially destroyed by a wave reflected from the upper atmosphere. 
ight shows this phenomenon of interference very strikingly. It has 
come quite a commonplace in any scientific laboratory; a whole 
ience called spectroscopy is based on it. Therefore throughout most 
‘last century no scientist had any doubts at all about the wave na- 
re of light. In a light wave, it was thought, something—the ether— 
as vibrating. It was possible to measure the frequency of vibration, 
at is to say the number of vibrations per second. Moreover, other 
pes of ethereal vibration were discovered. There were the X-rays 
brations ten-thousand times more rapid than light; and radio waves 
million times less rapid; but all of essentially the same type. 
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So a beautiful, clear, scientific theory of vibrations in the ether wa 
built up, which included light and heat, and radio waves and X-rayg 
The great Cambridge mathematician, Clerk Maxwell, gave it mathe 
matical form. It seemed at the time an almost perfect theory, likely t 
last for a very long time. However, some awkward little facts wer 
discovered that it could not explain. One of them was this: you mighl 
expect, if light consists of waves, that a very dim light, such as th 
light of just one star seen down a telescope, would not have much 
fect on what it illuminates. For instance, if one tried to photograph 
star, the very gentle vibrations in the ether which correspond to s 
feeble a light could hardly lead to a picture on the sensitive photo: 
graphic plate, however long one waited. They could hardly produc 
the quite drastic atomic rearrangement in a photographic plate which 
taking a photograph entails. But as a matter of fact, they do: you car 
photograph stars. You have to give a long exposure, of course, but ir 
the end you get your picture, just as you would in a brighter light. Sc 
it certainly looks from these facts much more as if light did consist 02 
a stream of particles after all; and that when you have a dim light 
there are just a few of these particles, and when you have a bright light. 
there are lots of them; but—and here is the important point—all ob 
these particles, whether they are in bright light or in dim light, will 
have just the same effect when they do arrive. In fact there are quite 
a host of physical phenomena of this type, all of which show that weak! 
light will do everything that strong light will if only one waits long 
enough. And all this strongly suggests a particle picture to explain the 
nature of light. 


Dual Property of Light 

This seems to have been fully recognised first by Einstein. In the 
year 1905 he threw one of his usual Einsteinian bombshells into phys- 
ics and said in effect, “I know all about the evidence that light is rays; 
I know it is perfectly good evidence. I know all that, but let us forget 
it for a moment and pretend that light is particles, and see what we 
can deduce from this.” With this in mind, Einstein called the particles 
“light quanta” and he showed that the facts I have just mentioned, 
and quite a number of other facts too, discovered in the preceding 
decade, could be explained by his new hypothesis. This idea of Ein- 
stein’s took some getting used ‘to; it seemed hardly possible to believe 
that light behaved sometimes like waves and sometimes like particles, 
but this was just what Einstein proposed. It was of course possible to 
say when light would behave like waves and when it would behave 
like particles. Briefly, whenever it hits you, whenever it enters your 
eye, burns your skin, or takes a photograph, thencit is behaving like 
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rticles. But if you want to know how it gets to you, and particularly 
w much of it gets to you down, for instance, a telescope or some 
ilar apparatus, you have to think of it as being a kind of waves 
tion and do your calculations accordingly. 
Scientists have now given up trying to explain this curious dual 
operty of light. They have just got used to it and now they accept 
as a law of nature; it is a surprising law of nature, but quite a pre- 
e one. It really is quite well accepted now. For instance, if you go 
a university and study physics there, you will meet it in the second 
ar of your studies; at first you will find it puzzling, but if you have 
e makings of a scientist in you, by the time you take your final de- 
ee you feel quite at home with it. The real reason, however, why 
is dual property of light is now so well accepted is this: in 1926, 
me very famous experiments were carried out independently in this 
antry by Sir George P. Thomson, and in the United States by 
avisson and Germer. They showed that this dual property is not a 
operty only of light; the electron, too—the electron, one of the ele- 
entary particles of which matter is built up—was found to behave 
the same way. Beams of electrons, in fact, behave like waves. That 
what Thomson and Davisson and Germer showed experimentally. 
'e know now, thanks to more recent researches, that so do protons 
id neutrons, and all the other particles of atomic physics. Light, as 
nave said, was long thought to be a wave motion, but in fact it some- 
nes behaves like particles, and now it was found that matter—ma- 
rial particles—sometimes behaves like waves. Electrons, protons and 
utrons, when they hit you, when they come into contact with mat- 
t, behave like particles; but if you want to know where they go and 
yw many of them will come to any point, you have to think of them 
waves. 
It was on these discoveries, in the years between 1926 and the late 
ir, that the remarkable mathematical edifice known as quantum 
schanics or wave mechanics was built up. This system of equations 
which is what it really is—described with remarkable success how 
.ctrons in atoms behave and how they interact with light, and how 
ey bind atoms together to form the molecules of chemistry. But 
ve mechanics do not explain, or even try to explain, why electrons 
light have this curious dual property; on the contrary, this dual 
sperty in one form or another serves as the axiom on which the 
ole edifice is built, just as Euclid’s axioms serve for the development 
his geometry. 4) 
In fact, the very great success of wave mechanics in explaining ob- 
ved phenomena just serves to show that the dual nature of matter 
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is something very fundamental and not easily to be explained in terr 
of simpler concepts. All this is very intimately bound up with the U 
certainty Principle, which Professor Andrade spoke about in the Thi 
Programme last July. I do not want to say much about that, exce 
to point out that the Uncertainty Principle is really a part of wax 
mechanics and can be deduced from it. If the Uncertainty Princi 
is not correct, neither are wave mechanics, and we should be very r 
luctant to believe that, because wave mechanics have been so succe® 
ful in explaining the properties of the atom. 

I should, however, like to say something about the new outloc 
which these discoveries have forced on us physicists. In the old day 
—the nineteenth century—we believed that we could formulate th 
laws of physics without any reference to ourselves—to the scientis 
and other people who are interested in these laws and who make ob 
servations. We know that the planets move round in their orbits ani 
that they continue to do so whether we observe them or not. The law 
of astronomy—Newton’s laws of motion we called them—made | 
possible to calculate these orbits for as far ahead as we like to think 
to predict eclipses and so on. But now it turns out that the laws c 
motion for the electron are quite different in nature; you cannot eves 
formulate them without reference to an observer; that is, withow 
reference to someone who is going to observe an electron. You cannc 
even ask, when you are talking about an electron, what its orbit is an’ 
what it will be doing a hundred years from today. Or rather, if you d: 
ask such a question, science will not give you any answer. The son 
of question you can ask is much more personal. You can ask a ques 
tion like this. Supposing you or I set up some apparatus or other an¢ 
use it to look for electrons somewhere, you can then ask: how man: 
will we find? 

This is a question which involves essentially the man who makes th 
experiment. To get the answer to a question like this, we have to for 
get that electrons are particles; we have to have recourse to thes 
waves which I have been talking about, and then we have to calculat 
the form of these waves and say, “wherever the waves are, there th 
particles will turn up.” You see the sort of question that can be askec 
and answered in present-day physics seems always to include the man 
the investigator, who does the experiment, and who wants the an 
swer. And that is perhaps one reason why the scientist today does no 
feel any more that he is investigating some absolute truth remote fron 
mankind; and this too is probably why he feels instead that the sub 
ject-matter of his science—physics—is the relation between mankin 
and the rest of the world. 
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A SCIENTIFIC BASIS FOR BELIEF IN GOD* 
By V. H. MOTTRAM 


ONDER if many of the rising generation remember their first meeting 
th the theory of evolution. I doubt it. I hardly do myself, though I am 
ty-six and was brought up in surroundings where belief in the verbal 
Piration of the scriptures was implicit. Most of us take in the theory of 
lution with our mother’s milk. I mean by the theory of evolution that the - 
srt, lifeless matter of our planet sprang into life under the influence of 
tural forces, and that the simple living things, so generated, were gradu- 
y and slowly moulded by other natural forces into the multitudinous, 
derful, delightful, beautiful, intricate, grotesque, ugly, but always en- 
ancing manifestations of life around us. 
To put it another way: that you and I are descended from some specks of 
lly-like living material which evolved out of inanimate matter—matter with 
life in it—some thousand million years ago. It is a great theory. It helps 
\ormously in explaining things we see about us. It is of the utmost use in 
ological research. It tells the scientist where to look for new facts about 
e—where new lines of investigation will be profitable—and it is an old 
eory. In the sixth century B.c. a Greek philosopher, Anaximander, got hold 
the idea of evolution. He describes, to quote from Durant’s Life of Greece, 
“first principle or boundless mass possessing no specific qualities, but de- 
loping, by its inherent forces, into all the varied realities of the universe.” 
it it was Darwin who first put it on the scientific map, eighty-nine years 
ro. He gave the clue to the forces which caused life to evolve. And this 
ue was “the struggle for existence and the survival of the fittest.” If having 
long neck gave an animal an advantage over its brothers and sisters, it 
ould survive more easily and have more offspring inheriting long necked- 
ss than the rest. Hence the giraffe. 
The biological world leapt at the theory, embraced it, hugged it to its 
som. The theory shot a blazing shaft of light upon all sorts of mysterious 
servations. Thus, in coal there are fossil plants which are like horse-tails 
id club mosses but on a gigantic scale. But there are no fossil fowering 
ants and no fossil insects in coal itself. Yet these mutually useful and bene- 


ial living things are found in the chalk of our Salisbury plain and of the 


* From a broadcast by the British Broadcasting Corporation (reprinted, by special per- 
ssion of the author, from The Listener, April 22, 1948). (The Rounp Taste has received 
‘ny requests for this article and for the Rounp TasLe pamphlet in which it originally 
peared. Since this pamphlet is now out of print and because of the widespread interest 
this particular article, we are happy to include it as an appropriate addition to this 
mphlet.) 
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Dorset heights, and elsewhere. Now on all reckonings the coal is much m 
ancient than the chalk strata—a hundred million years older. 

What better explanation can be given than that these giant horse-tails 3 
passage of time shrank to the size of the horse-tails growing today and t 
in some subsequent days, cousins of the plants of the coal age slowly we 
changed into flowering plants. And also that some simple and primitive 1 
forms were evolved into insects? Also that the struggle for existence fore: 
the flowering plants and the insects to become helpful to each other? 
theory worked so well that not only did it sweep the world of biology, bu 
crept into all sorts of studies—into chemistry and physics, into engineeri 
into sociology. We talk not only of the evolution of living things but of e 
ments such as iron or uranium from hydrogen and helium; of the evolutid 
of the railway engine and of the aeroplane, for instance; even of the evoluti 
of the modern state. This is particularly odd, I think, in engineering. F 
the aeroplane did not evolve under the influence of natural forces. Actin 
human intelligences created the aeroplane, while the Darwinian theory ir 
plied that no active intelligence created the universe of living things. Bli 
forces evolved it. The fact is, outside the scientific world—and inside it—mai 
wanted to get rid of an external creative intelligence—in other words to ge 
rid of a creative God and to replace Him by inanimate matter and undirecte: 
force. Human thought is apt to get a bit above itself. The Greeks had a nan 
for it—hubris, a vice which brought Nemesis down on the erring persons. 

But Darwin was a modest man. He knew the weak places in his theory 
He saw the huge gap between inanimate matter and living plants any 
animals. He doubted if we should ever bridge it. But his supporters were ne 
so modest. They suggested that inanimate chemical elements shaken togethe 
could give rise to proteins, the substances without which life, as we know it 
is impossible. They called it a “fortuitous concourse of atoms” by which the 
meant that the elements of carbon, hydrogen, nitrogen, oxygen and sulphu 
kept on barging into each other, combining and recombining by chance, until 
accidentally one day, they gave rise to protein. And later people said that th 
complex reactions of proteins constitute the phenomena which we call life 

Biologists, naturally enough, and often with great success, look for missin; 
links between the different stages of evolution. You know that they hav 
found a whole series of missing links between a dog-like ancestor of thi 
horse and horses of the present day; between a pig-like ancestor of the ele 
phant and present-day elephant and between a monkey-like ancestor an 
present-day man himself. If a missing link could be found between inanimat 
matter and living matter, that would be a grand feather in the cap for th 
evolutionist. And yet most biologists have been brought up to believe tha 
today by no experiment yet known can inanimate matter turn into living 
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tter. On the other hand, if evolution is true, it must have happened some- 
or other in the dim past—say, a thousand million years ago. And mod- 
Darwinians believe that they have found the missing links. They are the 
ses, those obnoxious substances, invisible under an ordinary microscope, 
ich give us colds and influenza, measles and chickenpox and infantile 
talysis, and ruin our crops of strawberries, raspberries and tobacco. These 
tances are like proteins in their nature. They are crystalline, like in- 
imate matter. They can be stored indefinitely in a test tube, like inanimate 
utter. Yet when inoculated into the appropriate animal or plant they thrive 
d multiply like living matter—like yeast and groundsel and guinea-pigs. 
ere, say the neo-Darwinians, are the missing links between non-living and 
ing matter. 
By chance, in the past, something like these viruses originated. They, being 
otein, showed signs of life. Then all life evolved from them: it was all 
ance. Chance brought the requisite elements together. Chance enabled 
em to form proteins. Chance enabled life to evolve. Everything, from 
olecules to man, say the neo-Darwinians, can be explained by evolution, 
d that is by chance. 
But chance can be investigated mathematically, even the chance that atoms 
carbon, hydrogen, nitrogen, oxygen and sulphur run into one another’s 
bits sufficiently often to manufacture protein. The investigation gives 
eer results. Charles-Eugéne Guye, a Swiss mathematician, has calculated 
e chances of manufacturing a single molecule of some simple protein-like 
bstance, and also the amount of the material which would have to be 
aken together to do it. The probability against proteins “happening” is 
ry great indeed. If you read in the paper that the odds against a horse in 
r the Derby are 100 to 1 against, you don’t consider that that horse has 
uch chance of winning. But the odds against winning the protein stakes 
> much higher. Not 100 to 1 against, but 100 multiplied by itself 160 times 
1 against. Some odds that! Also the amount of material necessary to pro- 
ce that one molecule is much greater than the material comprising the 
iole universe. Sextillion sextillion sextillion times greater. For it to occur 
our small planet it would need endless years—10 multiplied by itself 243 
nes in years. But as the earth has been going as a place life can inhabit only 
housand million years, it does not look probable that even simple proteins 
1 be manufactured by chance. 
Take another argument. Proteins are very individual substances. They are 
ide from long chains, the links of which are chemical bodies called amino- 
ds. The way these links are put together matters enormously. If put in 
- wrong order they will not sustain life, they even act as poisons. When 
1 calculate the possible different ways in which the links can be put to- 
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gether you get simply enormous figures. Professor J. B. Leathes, for exampl 
calculated that the links in the chain of quite a simple protein could be p 
together in the following huge number of ways. Take 10 and multiply it k 
itself 48 times and you get the number: 1 with 48 noughts after it. Or 
billion, billion, billion, billions—and English billions at that. Now the eart 
has been cool enough for life only (say) a million billion seconds. So . 
chance is to try out all the combinations of aminoacid links to make the righ 
proteins, chance has to be pretty slippy about it. He (or is chance a shef 
would have to turn over several billion billion combinations in each secon 
that the earth has been cool enough for life to exist. All this looks to me t 
be unlikely, even impossible. And the virus proteins are complicated protein: 
which consideration makes it all the more unlikely that chance made ther 

I do not want to be violent or dogmatic, but I cannot see the viruses as 
missing links between inanimate matter and living matter. Nor can I beliey) 
that proteins can be put together by chance from molecules of carbon, hy 
drogen, nitrogen, oxygen and sulphur, even given all geological time to d! 
it in. And even if proteins could be made by chance from inanimate matte 
that does not solve the problem of how inanimate matter became alive. Pre 
teins are dead enough, and it is only when the spirit of life breathes on ther 
that those dry bones live! | 

What is the outcome of all this calculation—this juggling with astronomm 
ical figures? First it seems highly improbable—most persons would say ima 
possible—that proteins were created by the chance collisions of the necessarx 
elements, even given geological time in which to do it. Secondly it looks a: 
though an intelligent purposeful mind must have stepped in when matte: 
on earth had cooled sufficiently, and created proteins and endowed them 
with life. Even the most materialistic mind must admit that the case looks 
strongly against his views. And what difference is there between saying that 
a purposive mind created living matter on this earth and saying in the 
opening words of St. John’s Gospel “In the beginning was the Logos”? Not 
much. But of course to the really religious person this postulate—this hy- 
pothesis of a purposive mind creating life—is a cold simulacrum of the 
urgent Reality which he calls God. I know. None the less it seems to me 


worth while to point out that even the scientist has difficulty in doing without 
the idea of God. 


ee 
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The People Say... 


The following letters are representative of the views expressed by the Rov 
TaBLe audience on “The Election and the Republican Party,” broadcast i 
cember 12, 1948. 


Day of the Common Man Every one of the twenty-th: 


million Republican voters sho 

Wellesley clubs, Radcliffe clubs, pick out someone to work for if 

will not elect any President from now win the election in 1950. Small grov 

on. Today is the day of the Common in every state should begin right no 

Man. Your high-browness will get organize by counties, get acquaint 
you nowhere. In fact, that is the criti- 


: from coast to coast. You have 
cism of Governor Dewey among la- powerful enemy to down. Roosev 
bor leaders and low-class “ignorant” jg still the god of many millions. 


groups in large cities. You must rec- J stener from Cleveland, Ohio. 
ognize that all these people know is 


the physical side of life. Many of Stood for Wrong Things 
them care little about education. You 
educated people know nothing of 
how they live, think, or anything 
else. 

Republicans must come down to 
the masses, be friendly, be interested 
in the factory worker, associate with 
him, make him understand that Re- 
publicans have also had hard lives Ceased To Be an Oppositic 
and not all just rich employers, big P 
businessmen, college professors, law- arty. 
yers, etc. I heard your radio broadcast 

The children in my school in the which an effort was made to expla 
Cleveland slums pointed out who _ the frequent defeat of the Republic: 
would be elected. Dozens of them party in presidential elections, esp 
wanted Truman because he was a_ cially since 1932. It is as plain as t 
kindly looking grandpa who had a_ noses on the faces of Republicar 
hard life on the farm. They had never and I am surprised that any questi 
heard that Truman had no education — should arise as to the cause of the d 
for the job. When I discussed hisedu- feat of Republican candidates. It 
cation with them, they (sixth- simply because they ceased to be 
graders) thought it all too insuf- opposition party; they were stupid 
ficient.n0, their choice of candidates; and, me 
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The Republicans lost in the eld 
tion because they stood for the wro: 
things. You told what you we 
against. Did you have any goc 
things you were for? The old daysa. 
over. We are in “One World.”— 
listener from Evanston, Illinois. 


——e 
ee 
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portant, they became fused into 

New Deal. ...I am a Republi- 
, but I could not vote for a “‘me- 
.” A spineless party deserves to 
....—A listener from San Diego, 
lifornia. 


ust Live and Do by Action 


I could not help but think how 
lightening it could have been if we 
d had some of the younger, frank 
oa as well as older experienced 
n really to state what the Repub- 
an party must do to exist. For in- 
ance, for Senator Flanders to state 
at the party must liberalize its 
atform is not enough. It must live 
d do it by action. The party has 
ed too often to fool us voters. They 
ve in the past and very recent past 
med to be for labor, for instance. 
le party says it’s interested in the 
Ifare of labor and then has thrown 
support behind such a monstrosity 
the Taft-Hartley Bill. If they were 
t blind to the times, they could 
ve seen that the people are wiser 
d do more thinking about their 
te. As I sum it up, the only salva- 
n of the party is to shove such men 
Taft, Hoover, Ball, etc., into the 
ckground with their ideas and 
ne forth with younger men not 
1 down to the principles of large 
porations that are only concerned 
+h how many dollars they can 
ke while exploiting the common 
yple. A future good record made 
ile living down a bad past is going 
take time and work. 

Sincerity, just one word and the 
meaning of it, is what the party 
st understand ever to regain its 
nding. I doubt if it can be done, 
-it should be worth the try. I came 


from a family of Republicans but 
have voted the people’s ticket so long 
I am a Democrat, but I want to see 
the time again when the G.O.P. is 
truly a people’s party again—/ 
listener from Decatur, Illinois. 


No Help for Aged 


In my opinion there is no Congress 
that will ever get away with writing a 
law that will crush labor, such as the 
Taft-Hartley Act. And especially 
having a man like Taft on their side. 
And allowing manufacturers and cor- 
porations to make unlimited profits, 
while at the same time you want to 
get working people down and down— 
to slavery, you might as well say. 
Second, I think and know of many 
votes lost because you can find mil- 
lions of dollars to feed and fatten upa 
Europe that killed and maimed our 
boys for life—just so they may start 
another war—but you could not find 
a penny to raise the old age pension, 
but Iet them keep on existing on a 
starvation pension. So how could 
they vote our ticket? I am sixty- 
seven years old and just dread to 
think of the future when this will hit 
me and my wife... that’s why we 
changed our vote at the last minute. 
I hope that the 81st Congress will do 
something to ease the burden on the 
old people of this country and not all 
for Europe.—A Uistener from Novelty, 
Ohio. 


Credit to Republicans 


Sunday’s discussion was excellent 
and very informative. As a Republi- 
can I distinctly regret to say that 
what good has come from the Demo- 
cratic party during the last sixteen 
years was Republican-inspired. .. . 
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If the Republican party wishes to 
live, it must claim outright the meas- 
ures which it has suggested or sug- 
gests. Make outright publication of 
its objections to measures proposed 
by the Democratic party which it op- 
poses. This “‘me-too”’ situation is per- 
fectly ridiculous. The Democratic 
party has its Jackson Day dinners. 
Note the perfidy. Jackson, the only 
time in our history, paid off the na- 
tional debt. The present Democratic 
party has mercilessly put the nation 
into debt. First Wilson, then F. D. R. 
F. D. R. won his first election on his 
platform of economy and then turned 
tail—why? President Truman is 
doing exactly the same. What we 
need is honest, open declaration and 
procedure—something unknown to 
the Democratic party since its incep- 
tion. Regardless of what any other 
nation may say, the U.S.A. must 
stand on its own two hind legs or else 
surrender its Constitution. This 
hokum about helping Europe is all 
belly-wash. What we must have is 
closer attention to our national econ- 
omy. Aid to Europe is only helping 
the rich of Europe. The same goes for 
Asia. Those countries are better able 
to help themselves than we are to 
help them at the present time.—/4 
listener from Edgemont, South Dakota. 


Two New Parties Needed 


I have been a Republican ever 
since I voted for McKinley, but dur- 
ing that time, all that time, if I had 
been asked what this party advo- 
cated, I would have been stuimped. 
But what has the Democratic party 
stood for? Both these parties are no 
more than a hangover of the Civil 
War, and they have now no justifica- 


tion for persisting any longer. Th 
should be a realignment of the peo 
with the formation of two new part 
which really stand for somethui 
worth voting for.—Z24 listener fr 
Chicago, Illinois. 


Speaks for Hundreds of Tho 


sands 


You might say that this letter rd 
resents not only the principl 
thoughts, and feelings of the writ 
but of hundreds of thousands 
people. ... Yes, I’m one of the ms 
lions of Democrats who helped 
keep Mr. Truman in the Whi 
House, one of the thousands of uner: 
ployed of this city who has buck 
up against B.B. (Big Business) 
some unheard of conditions.... As | 
unemployment continuing into 193, 
frankly, I think I differ with the ge: 
tleman who made the statement. f 
one of the so-called “masses” I az 
naturally keenly aware of the em 
ployment problem, for to me a jc 
means living. An ounce of preventic 
is worth a pound of cure, so natural] 
you could not expect the late Pres: 
dent Roosevelt to undo in a few yeat 
the mess the Republicans had mac 
over a period of twelve years... 
President Truman is trying to live u 
to his promises, but, after all, this is 
democracy, and he can’t make er 
ployers do the right thing. The onl 
Republican President I remembe 
fairly well is Mr. Hoover, but my lat 
mother always told me that, from th 
time she could remember, a Republ 
can regime always meant bread line 
People don’t forget things like tha 
They proved that in the last ele 
tion. . . .—d listener from Hollywoo. 
California. 
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